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AN ELECTRONIC RESUSCITATOR FOR POSSIBLE USE IN
ASPHYXIA NEONATORUMt
Many methods have been proposed for resuscitation of the newborn but
there is as yet no singlewidely accepted approach to this commonly recurring
problem.
It is the purpose of this paper to review briefly the electronic methods of
resuscitation and to describe animal experiments with a simple electronic
apparatus which may be of value for the human newborn.
In 1948 Sarnoff et al.' reported animal experiments with a phrenic nerve
stimulator. Even after complete cessation of spontaneous respiration follow-
ing injection of one per cent procaine hydrochloride into the posterior fossa
of the brain, the animal could be kept alive with the stimulator.
In human experiments using wire stimulating electrodes wrapped around
the phrenic nerve, Whittenberger, Sarnoff, et al.9 showed that significantly
greaterthan normalminutevolumes wereobtainedeventhough sub-maximal
stimulation was used. Some patients reported shoulder pain but no perma-
nent nerve damage was found.
Cross and Roberts8 in 1950 reported 25 successes in 29 resuscitation
attempts using aphrenic nerve stimulator on infants suffering from asphyxia
neonatorum. The four failures occurred in a group of nine infants classified
by them as severely ill.
Knodt5' in 1951 described his experience with an electro-lung designed
in 1950 by Hofmann. The electrodes were placed in such a manner as to
stimulate alternately the diaphragm (inspiration), and the abdominal
muscles (expiration). For inspiration, a belt consisting of two metal elec-
trode strips separated from each other by two strips of insulating material
was placed around the thorax at the level of the diaphragm, passing in front
of the xyphoid process, so that one electrode was over the anterior chest and
one on the back. Stimulation of the anterior thorax caused contraction of
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the diaphragm. Expiration was obtained by similarly placing a set of elec-
trodes around the lower abdomen. Knodt suggests that the electro-lung
might work through direct stimulation of the diaphragm, as contrasted to
Sarnoff's method of direct stimulation of the phrenic nerve. However, the
actual site of action has not been determined.
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FIG. 1. Modulated wave form showing the gradual increase in pulse amplitude.
Tracing made from the face of an oscilloscope.
Alliaume and Charpentier' also used the electro-lung and reported two
cases of diaphragmatic paralysis in infants successfully treated with short
periods of electro-respiration.
In spite of the efficiency of the electro-phrenic stimulator and the electro-
lung, neither resuscitator has met with wide acceptance. This is probably
due to the difficulty in locating the phrenic nerve with the Sarnoff stimulator
and the rather complicated electrode placement needed with the electro-lung.
The use of stimulating currents in the milliampere range and relatively low
stimulating voltages make it important to reduce the skin resistance as much
as possible.
The electronic resuscitator to be described, in contradistinction to the
above-mentioned stimulators, employs currents in the microampere range
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and relatively high voltages. This type of stimulus is less painful and is not
appreciably altered by high contact resistance. The net effect is a resuscita-
tor that is simple and rapid to operate.
APPARATUS
The stimulator used in these experiments was built by
Branford, Connecticut.
Batrow Laboratories, Inc., of
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FIG. 2. Block diagram of experimental apparatus. The stimulating electrode is
below the xyphoid process and the indifferent electrode (return plate) is under
the rabbit.
Stimulation is provided by a series of condenser discharges fired through a thyratron
tube at 45 pulses per second. The amplitude of the stimulus can be adjusted within
certain limits. With a load of 100 megohms it is about 8,000 volts with a current in the
range of 25 microamperes. The stimulating pulse is 300 microseconds in duration, and
the amplitude of individual spikes varies in the manner shown in Figure 1.
With stimulation the diaphragm contracts and causes inspiration. Expiration is
passive and takes place between periods of stimulation. To achieve inspiration in the
rabbit about two-fifths of maximum intensity is required.
An indifferent electrode (12" x 12" metal plate) large enough to cover the back at
the level of the diaphragm and a small, round, metal-tipped stimulating electrode are
used. The animal is placed supine on the indifferent electrode and the stimulating
electrode placed high in the epigastric region just lateral to the xyphoid process. A moist
towel is put between the skin and the indifferent electrode, and a small piece of moist
gauze is wrapped around the metal tip of the stimulating electrode (Fig. 2).
With diaphragmatic contraction a certain amount of pectoral and shoulder muscle
contraction is also noted. A smaller indifferent electrode (2" x 5") was used in an
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attempt to reduce the accessory muscle movement but this was of little help and had
the disadvantage of requiring accurate placement of the stimulating electrode.
The respiratory rate can be varied between 12 and 50 inspirations per minute. The
length of the inspiratory phase is somewhat dependent upon the respiratory rate and
varies from about one-third of the total cycle at 12 respirations per minute to about
one-fifth of the total cycle at higher rates.
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FIG. 3. Normal record. The stimulator is off. Rabbit anesthetized with pento-
barbital sodium 60 mgm/5 lb.
EXPERIMENTAL PLAN
In evaluation of the apparatus experiments have been designed to provide the
following information:
1. The efficiency of the stimulator in initiating and maintaining respiration in rabbits
made totally apneic with barbiturates.
2. The mechanism of stimulator action:
a. To determine if the stimulator action is dependent upon an intact respiratory
center, one per cent procaine hydrochloride was injected into the contents of
the posterior fossa of the skull.
b. To determine if the site of action is the peripheral motor nerves (especially the
phrenic nerves), both phrenic nerves were severed.
c. To determine if the muscles of the diaphragm were being stimulated directly,
the myoneural junction was blocked with succinylcholine chloride.
3. The possible injurious effects of the stimulator:
a. Effects of prolonged stimulation
b. Spontaneous inhibition of respiration
c. Cardiac effects
d. Local injury
e. Miscellaneous effects.
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EXPERIMENTS
Efficacy of the machine
Method. Fourteen rabbits, weighing between four and one-half and seven
pounds, were anesthetized with pentobarbital sodium (60 mgm/5 lbs). A
tracheotomy was performed and a tracheotomy tube connected to a Krogh
spirometer. The system was filled with oxygen. Edison Baralyme granules
were used to absorb carbon dioxide. Movement of the spirometer was meas-
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FIG. 4A. Effect of stimulator on apneic rabbit (thiopental sodium 6.4 mgm/lb.).
After 70 seconds of apnea B.P. falls from 85/65 to 35/30, six inspirations bring B.P.
back to 85/65. (The above record has been cut into three sections. There is a lapse
of 58 seconds between sections 1 and 2 and 10 seconds between 2 and 3.)
ured by the change in potential across a variable resistor attached to the
moving portion of the spirometer and recorded on one channel of an Edin
four channel polygraph.
The blood pressure, pulse pressure, and heart rate were monitored by
inserting a small polyethylene catheter, containing a 5 per cent solution of
sodium citrate, into the femoral artery. The catheter was connected by a
water column to a Statham pressure gauge whose output was recorded on a
second channel of the polygraph.
Another polygraph channel was used for ten-second time intervals while
the remaining channel recorded the times when the stimulator was on
(Figs. 2, 3).
The blood pressure and heart rate were not recorded during all experi-
ments. When the blood pressure was not recorded the tracings were made
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by an ink pen writer attached to the moving portion of the spirometer and
recorded on a continuously recording kymograph.
Forty-five minutes were required to insert the tracheotomy tube and
femoral catheter. At the end of these procedures the rabbits were well
anesthetized but not apneic. They were next given intravenous thiopental
sodium (5-15 mgm/lb.) until apneic. Resuscitation was then attempted
with the stimulator.
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FIG. 4B. (Condensed record showing effect of stimulation on apneic rabbit (thio-
pental sodium 5.5 mgm/lb.). After 70 seconds of apnea B.P. drops from 80/70 to
50/30. B.P. rises after six inspirations. The second drop in B.P. comes after 60
seconds more of apnea. B.P. drops to 30/25 and rises again when respiration begins.
Note rise in pulse pressure with respiration.
Results. Of the 14 rabbits studied in this manner, 13 showed signs of
recovery after a few seconds of stimulation. One rabbit died immediately
after a large dose (13 mgm/lb.) of intravenous thiopental sodium. One
rabbit was maintained for 25 minutes with the stimulator and then suddenly
died because the stimulator was no longer effective. This was attributed to
fatigue of the diaphragm (see under Toxicity, infra). Twelve rabbits went
on to recover completely after 15-20 minutes of stimulation.
Discussion. Figures 4A and 4B show the effect of the stimulator on two
rabbits made apneic until a fall in blood pressure was noted. After a few
inspirations the pulse pressure and blood pressure rapidly recovered. The
results illustrated by these tracings were obtained repeatedly and indicate
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that the stimulator is capable of initiating and maintaining respiration in
rabbits which have received otherwise lethal doses of barbiturates.
Although respiratory volumes were not quantitatively measured, it seems
that this apparatus is capable of producing minute volumes equal to, or
greater than normal. This was determined by comparing the oxygen con-
sumption of the lightly anesthetized rabbit with the oxygen consumption of
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FIG. 5A. Procaine HC1 1% (0.5 cc) injected into the contents of the posterior
fossa of the skull. With the respiratory center paralyzed the stimulator is able to
produce inspiration.
the apneic rabbit being respirated by the Batrow stimulator. The oxygen
consumption can be estimated from the slope of the respiratory tracing in
much the same manner that oxygen consumption is calculated from the
Benedict-Roth spirometer in determining the basal metabolic rate.
Mfechanism of stimulator action
Three sets of experiments were done. In all the experiments the rabbits
were prepared as described above, then the following procedures carried out.
Posterior fossa injection. In the first set of experiments one per cent
procaine hydrochloride (0.5-1 cc) was injected into the contents of the
posterior fossa of the skull of three rabbits. With the injection of procaine,
respiration ceased immediately and the animal became completely unre-
sponsive. The stimulator was then applied.
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The respiratory arrest produced by the procaine was immediately over-
come by the stimulator. Figures 5A and 5B demonstrate the reinstitution
and maintenance of adequate respiration.
Phrenic nerve division. The second set of experiments was carried out on
four rabbits and involved bilateral dissection and severance of the phrenic
nerves in the base of the neck. At the end of the experiment the course of
the phrenic nerves was traced to be sure they had been completely divided.
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FIG. 5B. Same experiment as shown in Figure 5A but 41 minutes later demonstrat-
ing the ability of stimulator to produce inspiration after an extended period.
Figures 6A and 6B show the stimulator producing good inspiration after
both phrenic nerves have been severed. In Figure 6A, with both nerves cut,
the rabbit was still able to move very small amounts of oxygen with ac-
cessory muscles. Figure 6B shows the same rabbit 45 minutes later. The
respiration due to the accessory muscles has completely ceased. However,
the stimulator is still able to initiate and maintain respiration.
Actual diaphragmatic movement was confirmed by direct observation in
two cases by opening the abdominal cavity. With the phrenic nerves sev-
ered, no contraction could be seen; with stimulation, the diaphragm immedi-
ately contracted.
Succinylcholine chloride injection. For the final set of experiments suc-
cinylcholine chloride (0.5-1 mgm/rabbit) was injected intravenously into
three rabbits. Respiration ceased immediately and the animals became com-
pletely flaccid. The stimulator was then applied.
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Succinylcholine completely blocked the action of the stimulator (Fig. 7).
Even at high intensities the stimulator was unable to cause any inspiratory
movements. As the effect of the succinylcholine wore off, the stimulator
again became effective.
Discussion. Since the phrenic nerve is probably the only major motor
nerve to the diaphragm,' it is evident from these experiments that the
stimulator produces contraction of the diaphragm through stimulation of the
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FIG. 6A. With both phrenic nerves cut, the stimulator is able still to produce in-
spiration. Note the small respiratory movements produced by the intercostal and
accessory muscles.
phrenic nerves, either as they traverse the thoracic cavity or at their terminal
arborizations on the diaphragm.
This is particularly important if this stimulator is to be used in asphyxia
neonatorum. In the newborn with respiratory distress, the higher centers of
respiration are often depressed, either by anesthetics or by anoxia. Since
this stimulator does not depend on an intact respiratory center, it possesses
a significant theoretical advantage for resuscitation under these circum-
stances.
From the experiments with succinylcholine it can be stated also that the
myoneural junction must be intact if respiration is to be produced with this
stimulator.
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Injurious effects
Under the heading of injurious effects have been included not only the
mechanisms by which the infant might suffer harm directly from the ma-
chine, but certain limitations of the stimulator that might be a source of
danger if not recognized.
Fatigue of the diaphragm. A major limitation of this stimulator was
encountered when first used on rabbits. In the early experiments pento-
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FIG. 6B. Stimulator producing respirations 34 minutes after both phrenic nerves
were cut. Intercostal and accessory muscle respiratory movements have ceased.
barbital sodium was the only anesthetic used. One dose was given to
anesthetize the rabbit for insertion of the tracheotomy tube and a second dose
given to produce apnea. With pentobarbital the period of apnea lasted over
an hour. In these apneic rabbits the stimulator was effective for 30-45
minutes and then suddenly, within two or three minutes, became ineffective
and the rabbits died of apnea. This was also noted in the one rabbit (supra)
that received thiopental sodium and died after 45 minutes because the
stimulator was no longer effective.
Initially, this phenomenon was attributed to vascular collapse, but it soon
became apparent that the lack of response was due to diaphragmatic fatigue.
Careful observation showed that after 45 minutes the respirations gradually
diminished until they suddenly disappeared. To check this, the stimulator
was shut off and the animal given 10 to 20 positive pressure respirations.
Following positive pressure breathing the diaphragm recovered and again
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responded to stimulation. The response was short-lived, however, and after
a few more minutes of stimulation it again became unresponsive. Positive
pressure breathing again made it responsive for a brief period.
Figure 8 shows an instance of diaphragmatic fatigue and the response
after five breaths with positive pressure breathing.
Spontaneous inhibition of respiration. Sarnoff, et al.,8 noted spontaneous
inhibition of the animals' respiration by a phrenic nerve stimulator. How-
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FIG. 7. Succinylcholine chloride (0.5 mgm) injected intravenously produces cessa-
tion of respiration within seconds. Stimulation at maximum intensity fails to induce
any respiratory movements.
ever, Cross and Roberts8 did not report a similar finding when using a
phrenic nerve stimulator in asphyxia neonatorum.
Spontaneous inhibition was not noted in any of the rabbits in this study
with the Batrow stimulator. However, the stimulator was able to interrupt
the rabbit's respiration by forcing it to inspire each time the stimulus oc-
curred, even though the rabbit continued to breathe at its normal rate
between pulses from the stimulator. When the stimulus occurred the rabbit
was unable to overcome the force exerted and had no choice but to inspire,
and hold inspiration as long as the stimulation lasted. The intensity had to
be increased in order to do this in a lightly anesthetized rabbit, but it could
be done without difficulty (Fig. 9).
Cardiac effects. One of the major problems associated with an electronic
stimulus is the possibility of producing cardiac arrhythmias. This is par-
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ticularly true of a heart affected by prolonged anoxia. Because of the high
voltage of the stimulating pulses it was not possible to monitor the heart
with an electrocardiograph. Pulse rate and blood pressure were therefore
used to check possible cardiovascular effects.
With the usual intensity and frequency used for resuscitation of the
rabbits, no arrhythmias or abnormalities in the heart rate could be detected.
The only change noted was a rise in the blood pressure when the stimulator
was on. The rabbit's normal respiration usually produced a slight drop in
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FIG. 8. Fatigue of the diaphragm in an apneic rabbit (thiopental sodium 9 mgm/
lb.). The diaphragm became unresponsive after 20 minutes of stimulation. After
five respirations with positive pressure breathing the diaphragm responded once
again to stimulation.
blood pressure with inspiration. The exact mechanism is not clear but the
rise in blood pressure produced by stimulation is probably a mechanical
effect. The possible mechanism is as follows: during stimulation the
thoracic cavity is expanded for a longer period than with normal inspiration.
The volume of the pulmonary vascular bed is increased causing a decrease
in the blood flow to the left heart and, as a result, decreased cardiac output
for a few seconds. This decreased output may stimulate the carotid sinus
and a compensatory rise in blood pressure is reflexly produced.
Because of these cardiovascular effects several experiments were done to
see what effect extreme degrees of stimulation might have on the blood
pressure and heart rate. In Figure 10A the stimulating electrode was placed
over the xyphoid process and the stimulating intensity turned to maximum
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(more than twice the intensity needed to produce contraction of the dia-
phragm). A rise in blood pressure was noted and there was also a transient
slowing of the heart at the end of each stimulation. This arrhythmia may be
clue to a mechanical factor based on a blood pressure rise with reflex cardiac
slowing; or it may be the result of direct stimulation of the vagus nerve
(infra). Slowing of the heart rate is not always present, even at maximum
intensity.
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FIG. 9. Stimulator induced inspiration in non-apneic rabbit anesthetized with pento-
barbital sodium 17 mgm/lb. When the stimulator is firing, the rabbit is held in
inspiration. Between stimuli the rabbit carries on normal respiration.
Figure lOB shows a record taken with the stimulating electrode over the
heart, at maximum intensity. With stimulation, the rise in blood pressure is
seen again but slowing of the heart is not particularly noticeable.
Figures 1lA and 1 B were made by taking a needle electrode and push-
ing it through the chest wall until it was on the heart. The first of these
records (Fig. 1lA) shows the effect on the heart rate and blood pressure
when the usual stimulating intensity is used.
In Figure 1 B the stimulating intensity is maximum. This type of graph
showing slowing of the heart rate with a drop in blood pressure could be
produced regularly at high intensities with the stimulating needle directly on
the heart. The exact mechanism is not known, but two possibilities will be
considered:
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1. The findings are the result of direct stimulation of the cardiac muscula-
ture giving a sustained, tonic type of systolic contraction with a subsequent
fall in blood pressure.
2. The effect is due to stimulation of the vagus nerve. Stimulation of the
vagus usually slows the whole heart; produces varying degrees of heart
block or arrests the ventricles altogether; diminishes the force of contraction
and shortens the duration of systole.' In the cat, dog or rabbit, stimulation
of the vagus with a faradic current produces a change similar to those noted
F- 10 Sec
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FIG. 10A. Stimulation at maximum intensity over the sternum (normal functional
position for stimulating electrode). Note the slowing of the heart rate at the end
of each stimulation (? vagal effect).
in Figure 11B. It is probable that both mechanisms play a part in producing
the fall in blood pressure.
About ten seconds after the stimulation was stopped (Fig. 1lB), the
rabbit developed a series of dropped beats or ventricular asystoles which
lasted 20 seconds and then ceased spontaneously. This was seen on two
other occasions when abnormally high intensities were used. It is not known
whether these dropped beats were due to persistent vagal effect, to prema-
ture auricular beats, or to some other cause. Dropped beats were not seen
with normal stimulating intensity.
Local injury. No damage to the skin was noted as long as the stimulating
electrode was held on the skin. If it were held a few millimeters from the
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skin, a spark would jump from the electrode to the skin and occasionally
produce a superficial burn.
Nerve damage. Fender' showed that continuous stimulation of the
splanchnic nerves in dogs eight hours a day, six days a week, for five and
one-half months with a faradic current produced no damage to the nerves.
-I
74687
C -Om
D SPONTANEOUS INSPIRATION STIMULATED INSPIRATION 58-R5-34687
FIG. 10B. Stimulation over the heart at maximum intensity. The rise in B.P. with
stimulation may be due to mechanical effects.
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FIG. 11A. Needle electrode on the heart and normal stimulating intensity (about
40% maximum intensity). A rise in B.P. with stimulation is noted but no slowing
of the heart rate can be detected.
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Although no long term studies have been carried out with the type of stim-
ulation used in these studies, it seems very unlikely that this type of stimula-
tion would have any damaging effect on the phrenic nerve itself.
Pain. Stimulation with the Batrow stimulator produces a tingling sensa-
tion in the skin and a pulling sensation as the muscles in the area of the
stimulating electrode contract. No pain is produced, and the stimulus is not
particularly uncomfortable.
Explosion hazard. Since this stimulator produces a spark, it should be
kept out of the operating room if explosive gases are in use.
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FIG. 11B. Needle electrode on the heart with maximum stimulating intensity. With
stimulation there is marked slowing of the heart rate and a precipitous drop in B.P.
followed by immediate recovery of the heart rate and B.P. when stimulation ceases.
Eight seconds after the stimulator was shut off there was a run of dropped beats.
These lasted for 30 seconds and then ceased.
SUMMARY
A new type of neuromuscular stimulator has been evaluated for possible
use in newborn resuscitation. Rabbit experiments designed to determine the
efficacy, mechanism of stimulator action, and injurious effects of the stim-
ulator were carried out.
Fourteen rabbits were made completely apneic with thiopental sodium.
Of these, 12 went on to complete recovery, one died after 45 minutes of
resuscitation, and one died immediately after the thiopental was given.
One per cent procaine hydrochloride (0.5-1 cc) was injected into the
contents of the posterior fossa of the skull of three rabbits. Four rabbits had
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their phrenic nerves severed, and three rabbits were injected intravenously
with succinylcholine chloride (0.5-1 mgm/rabbit). The stimulator was able
to initiate and maintain respiration with severed phrenic nerves and when
procaine hydrochloride was injected into the posterior fossa. However, it
was completely ineffective when succinylcholine was used to block the
myoneural junction.
In two rabbits the stimulating electrode was placed directly on the heart
and maximum stimulating intensity used. Under these conditions, cardiac
slowing with a drop in blood pressure was produced. No arrhythmias were
noted under normal operating conditions.
CONCLUSIONS
1. The Batrow stimulator is capable of initiating and maintaining res-
piration in rabbits made totally apneic with thiopental sodium.
2. Contraction of the diaphragm is achieved by direct stimulation of the
phrenic nerve.
3. In order for the stimulator to cause contraction of the diaphragm the
myoneural junction must be intact.
4. Fatigue of the diaphragm was noted during prolonged use of the
stimulator.
5. The stimulator is noninjurious to the rabbit under normal operating
conditions.
6. The stimulator is simple to use and takes only a few seconds to apply
to the animal.
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